The essential oil from different parts of Zingiber roseum plants was extracted by hydrodistillation, and analyzed using enantio-GC, capillary-GC and GC-MS. Two chiral selectors, 6-tert-butyldimethylsilyl-2,3-diethyl-β-cyclodextrin (TBDE-β-CD), and 2,3,6-methyl-β-cyclodextrin (PM-β-CD) doped into 14% cyanopropylphenyl/ 86% dimethylpolysiloxane, and 35% diphenyl/ 65% dimethylpolysiloxane, respectively were compared in order to clarify the stereochemistry and enantioselectivity of terpenoids using chiral gas chromatography. The enantiomeric excess for (1R)-(+)-α-pinene, (1R)-(+)-β-pinene, and (R)-(+)-limonene were characteristic for the rhizome. In TBDE-β-cyclodextrin coated chiral columns, a significant increase in separation factor (α) for β-pinene, limonene, linalool and α-terpineol enantiomers was observed when compared with methyl substituted β-cyclodextrin. The increase in chain length of the alkyl substituents may be the possible cause for enantiomer separation in β-cyclodextrin cavity. In addition, enantioreversal of α-pinene enantiomers in 6-tert-butyldimethylsilyl-2,3-diethyl-β-cyclodextrin was noticed as a unique feature. The enantiomeric compositions of Z. roseum fruit and flower essential oils were similar, but, in contrast, the rhizome oil contained an entirely different composition. Therefore, these results aid in the authentication of the natural origin of Z. roseum essential oils.
Zingiber roseum Rosc. (family Zingiberaceae) is an erect, perennial herb with a creeping, rhizomatous rootstock and fleshy roots [1] . A morphologically similar species, Z. chrysanthum, is reported to contain 1,8-cineole [2] . Z. roseum is a less studied species [3] . Its seed essential oil has a spasmolytic effect in rat duodenal smooth muscle [4] . In an earlier report, we have shown chiral discrimination of the single constituent linalool in Z. roseum rhizomes [5] , but the enantiomeric profile of other compounds of the essential oils has not been explored till now. In view of the fact that Z. roseum is a good source of essential oils, pharmaceuticals and herbal products, an in-depth study of the chiral profile is necessary to authenticate the plant products.
Modified cyclodextrins are widely reported as chiral stationary phases for chiral compounds in gas chromatographic separations [6, 7] . Enantioselectivity depends on different groups due to the derivatized hydroxyl groups at positions 2, 3 and 6 of the cyclodextrin ring. Apart from this, solubility of cyclodextrin derivatives in polysiloxane differs with the chain length of alkyl moieties. Hence, changes in these properties are supposed to alter the enantioselectivity of chiral pairs. This paper describes i) a new method for complete discrimination of chiral monoterpenoids; ii) the effect of different alkyl groups of chiral selectors on enantiomer separation; and iii) comparative volatile profile of fruits, flowers and rhizomes of Z. roseum collected from wild habitat in India. Essential oil constituents identified in different parts of Z. roseum are listed in Table 1 . Monoterpenoids were the principal constituents in all three studied plant parts: flower (91%), fruit (95.7%), and rhizomes, the last being dominated by the presence of linalool (78.8%). The constituents reported in the rhizome, fruit and flower essential oils were compared, and quite conclusive quantitative differences were observed ( Table 2 ). The fruit and flower oils contained high β-pinene proportions, followed by α-pinene. In addition, only the fruit and flower essential oils possessed sesquiterpene hydrocarbons.
Results of the chiral analysis using the PM-β-CD column are listed in Table 3 . The rhizome oil possessed more than an 80% enantiomeric ratio for optical isomers of α-& β-pinene. (R)-(+)-Limonene was recorded with a high enantiomeric excess than (S)-(-)-limonene in all three oil samples. Notably, the occurrence of (1S)-(-)-borneol in the rhizome and (-)-germacrene D enantiomers in the fruit oil were observed with 100% optical purity. (1R)-(+)-βpinene exceeds (1S)-(-)-β-pinene by 22%, and (1S)-(-)-α-pinene by 9% to its enantiomer in the fruit oil. (+)-Terpinen-4-ol and (+)-αterpineol enantiomers represent good enantiomeric excess in rhizome and fruit oils. Apart from this, coelution of (R)-(+)limonene along with (E)-β-ocimene was noteworthy in the 6-tertbutyldimethylsilyl-2,3-diethyl-β-cyclodextrin column.
Z. roseum was one of three (S)-(+)-linalool rich plants investigated earlier [5, 8, 9] . In the present work, (S)-(+)-linalool (ee 72%) in the rhizome essential oil was recorded, which was very much consistent with a previous report [5] . Moreover, no other constituents of Z. roseum were studied and analyzed so far on a chiral phase.
Keeping in view the role of substitution on the cyclodextrin stationary phase and its impact on monoterpene separation, the separation factors (α value) for selected constituents were compared on the chiral phase ( Table 4 ). The separation factor is defined as a measure of chromatographic separation of isomers in which column efficiency is not considered.
The results showed that the 6-O-TBDMS-2,3-di-O-ethyl-βcyclodextrin phase revealed better resolution for β-pinene, limonene, linalool and α-terpineol in comparison with the 2,3,6-methyl-β-cyclodextrin phase. In addition, enantio-reversal was NPC Natural Product Communications A biosynthetic relationship between monoterpenes was found in different parts of Z. roseum e.g., fruit and flower oils, which contained α-and β-pinene, suggested that only a single enzyme type would be responsible for biosynthesis. However, A high linalool proportion has differentiated the volatile profile of the rhizome from the rest. The results showed a complete absence of phenylpropanoid constituents, which were reported earlier in other Zingiber species [10] . The TBDE-β-cyclodextrin coated column showed better enantioselectivity than the methyl derivatives for the studied compounds. An increase in chain length of the alkyl substituents may be one reason behind the increased peak resolution. Further, an increase in carbon chain could result in change in hydrophobicity of cyclodextrin. Further, the developed method is a useful 
GC analysis:
A PerkinElmer AutoSystem XL GC, fitted with an Equity-5 column (60 m x 0.32 mm i.d., film thickness 0.25 µm), was used for GC analysis. The column oven was programmed from 70ºC to 250°C at a rate of 3ºC/min, with initial and final hold times of 2 min, and programmed to 290ºC at 6°C/min, with a final hold time of 5 min, using H 2 as carrier gas at a constant pressure of 10 psi, a split ratio of 1:35, and injector and detector (FID) temperatures of 290 and 280°C, respectively. GC-MS utilized a PerkinElmer AutoSystem XL GC interfaced with a Turbomass Quadrupole mass spectrometer based on the above oven temperature program. Injector, transfer line and source temperatures were 250°C; ionization energy 70 eV; and mass scan range 40-450 amu. Characterization was achieved on the basis of retention time, elution order, relative retention index using a homologous series of n-alkanes (C 6 -C 28 hydrocarbons, Polyscience Corp. Niles IL), coinjection with standards in the GC-FID capillary column (Aldrich and Fluka), mass spectral library search (NIST/EPA/NIH version 2.1 and Wiley registry of mass spectral data 7 th edition) and by comparing with the mass spectral literature data [11] . The relative amounts of individual components were calculated based on GC peak areas without using correction factors.
Chiral analysis:
For chiral GC analysis, two different fused silica capillary columns (30 m x 0.25 mm id, 0.25 µm), PM-β-CD (Supelco β-DEX 110) and TBDE-β-CD (RESTEK Rt TM -β-DEXse), were used in a Varian CP-3800 gas chromatograph. The oven temperature was programmed from 60°C (hold 2 min) to 180°C at a rate of 3°C/min (hold 2 min) to 220°C at a rate of 3.5°C/min (final hold time 5 min). Hydrogen was used as carrier gas at 1.8 mL/min constant flow. Injector and detector temperatures were 220° and 250°C, respectively, with a split ratio of 1:140. The developed chiral separation method was validated for repeatability and reproducibility, and data were listed as mean values. To achieve the separation factor (α) in two different columns, the analytical conditions were kept the same, while the elution time of the nonretained compound i.e. methane in PM-β-CD and TBDE-β-CD were 1.146 and 1.214, respectively. The FID response factor for three 
